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(54) Charged particle beam exposure apparatus and device manufacturing method using same 



(57) A high-precision multi-charged-particle-beam 
exposure apparatus is provided without increasing the 
performance of a reduction electron optical system. The 
multi-charged-particle-beam exposure apparatus in- 
cludes a charged particle source (ES) for emitting a 
charged particle beam, an aperture array (AA) obtained 
by arranging a plurality of apertures that divide the 
charged particle beam from the charged particle source 
(ES) into a plurality of charged particle beams, a lens 
array (LA) obtained by arranging a plurality of electron 
lens for forming a plurality of intermediate images of the 
charged particle source (ES) on substantially one plane 
with the plurality of charged particle beams from the ap- 
erture array (AA), a blanker array (BA) located on the 
plane where the plurality of intermediate images are to 
be formed and having a plurality of blankers, and a re- 
duction electron optical system for reducing and project- 
ing the images of the charged particle source (ES) onto 
a substrate. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a charged par- 5 
tide beam exposure apparatus, a device manufacturing 
method, and a charged particle beam applied apparatus 
and, more particularly, to a charged particle beam ex- 
posure apparatus for drawing a pattern on a substrate 
by using a plurality of charged particle beams, a device 
manufacturing method using the same, and a charged 
particle beam applied apparatus. 

BACKGROUND OF THE INVENTION 

[0002] An example of an electron beam exposure ap- 
paratus includes, e.g., a point beam type apparatus 
which uses an electron beam formed into a spot, a var- 
iable shaped beam type apparatus which uses an elec- 
tron beam formed into a variable-size rectangle, and a 
stencil mask type apparatus with which a stencil mask 
having a beam passing hole with a desired shape is 
formed in advance and which uses a beam formed into 
a desired shape with the stencil. 
[0003] Although the point beam type apparatus is suit- 
able for forming a micropattern, it is used only for re- 
search and development as its throughput is very low. 
The variable shaped beam type apparatus has a 
throughput higher than that of the point beam type ap- 
paratus by one or two orders of magnitude. This 
throughput, however, is still low to draw a pattern in 
which micropatterns of about 100 nm are packed at a 
high integration degree. 

[0004] An example of a method that can draw any pat- 
tern includes an exposure method using a two-dimen- 
sional blanking aperture array (e.g., see Japanese Util- 
ity Model Publication No. 56-19402). According to this 
method, a plurality of apertures for passing beams 
through them are two-dimensionally arranged in a large 
number in a semiconductor crystal substrate made of 
silicon or the like. A pair of blanking electrodes are 
formed on the two ends of each aperture, and whether 
to apply a voltage across the electrodes is controlled in 
accordance with pattern data. In other words, according 
to this method, whether to cause the plurality of beams 
respectively passing through the plurality of apertures 
to travel linearly or to deflect them is controlled individ- 
ually, thereby individually controlling whetherthe plural- 
ity of beams are to irradiate a sample. For example, 
when one of the electrodes on the two ends of each ap- 
erture is grounded and a voltage is applied to the other 
electrode, the beam passing through this aperture is de- 
flected. This beam is shielded by an aperture stop set 
under the blanking aperture array and does not irradiate 
the sample. If the voltage is not applied to the other elec- 
trode, the electron beam passing through the aperture 
is not deflected. This, the beam is not shielded by the 
aperture stop set under the blanking aperture array, and 



' irradiates the sample surface. 
[0005] Fig. 9 schematically shows the arrangement of 
the two-dimensional blanking aperture array. In the two- 
dimensional blanking aperture array, a plurality of aper- 
tures (AP) are two-dimensionally arranged, and each 
aperture has a pair of electrodes (EL). The two-dimen- 
sional blanking array aperture has wiring lines and ele- 
ments for individually controlling voltages to be applied 
to the electrodes of the plurality of apertures in accord- 
ance with pattern data. For example, the apertures (AP) 
have diameters of 20 jim and are arranged with pitches 
of 100 p.m. Each electrode (EL) has a thickness of 10 
urn, a width of 10 p.m, and a length (in the direction of 
depth) of about 50 

[0006] In general, when the surface of a sample is 
scanned with an electron beam to draw a pattern with a 
line width of 1 00 nm, the spot size of the electron beam 
on the spot must be 25 nm or less. 
[0007] Currently, however, the sizes of the apertures 
of the blanker array are limited to 1 0 \im x 1 0 \im at min- 
imum due to limitations in the manufacture. To reduce 
the spot size of the electron beam, the shape of which 
is defined by such an aperture, with a reduction electron 
optical system to 25 nm or less, the reduction electron 
optical system must have a reduction magnification of 
400 times, which is actually difficult to achieve. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of the above situation, and one of its objects is to realize 
micropattern drawing without increasing the perform- 
ance of a reduction electron optical system. 
[0009] It is another object of the present invention to 
obtain a plurality of controllable very thin charged parti- 
cle beams without increasing the performance of the re- 
duction electron optical system. 
[0010] According to the first aspect of the present in- 
vention, there is provided a charged particle beam ex- 
posure apparatus for drawing a pattern on a substrate 
by using a plurality of charged particle beams, compris- 
ing: a charged particle source for emitting a charged par- 
ticle beam; an electron optical element -for forming a 
plurality of intermediate images of the charged particle 
source within or in the vicinity of a plane; a blanker array 
obtained by arranging a plurality of blankers that indi- 
vidually control whether to shield the plurality charged 
particle beams respectively forming the plurality of in- 
termediate images; and a reduction electron optical sys- 
tem for reducing and projecting the intermediate images 
formed by the electron optical element onto a substrate, 
wherein the blanker array is arranged on the plane. 
[0011] According to a preferred embodiment of the 
present invention, this charged particle beam exposure 
apparatus preferably furthercomprises a correction lens 
array arranged between the blanker array and the re- 
duction electron optical system, and the correction lens 
array preferably has a plurality of electron lenses ar- 
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ranged for respectively forming virtual images of the plu- 
rality of intermediate images formed by the electron op- 
tical element at positions in accordance with an aberra- 
tion of the reduction electron optical system. 
[001 2] According to the preferred embodiment of the 5 
present invention, the blankers arranged in the blanker 
array preferably deflect a charged particle beam that 
should be shielded and do not deflect a charged particle 
beam that should not be shielded, and the correction 
lens array preferably has a stopper array for shielding 
and passing therethrough, among a plurality of charged 
particle beams passing through the plurality of blankers 
arranged in the blanker array, deflected and undeflected 
charged particle beams, respectively. 
[001 3] According to the preferred embodiment of the 
present invention, the blankers arranged in the blanker 
array preferably deflect a charged particle beam that 
should be shielded and do not deflect a charged particle 
beam that should not be shielded, and the charged par- 
ticle beam exposure apparatus preferably further com- 
prises a stopper array for shielding and passing there- 
through, among a plurality of charged particle beams 
passing through the plurality of blankers arranged in the 
blanker array, deflected and undeflected charged parti- 
cle beams, respectively. 

[001 4] According to the preferred embodiment of the 
present invention, the electron optical element prefera- 
bly has an aperture array obtained by arranging a plu- 
rality of apertures for passing the charged particle beam 
emitted by the charged particle source therethrough, 
and a lens array obtained by arranging a plurality of elec- 
tron lenses for forming the plurality of intermediate im- 
ages on the plane with the plurality of charged particle 
beams respectively passing through the plurality of ap- 
ertures. 

[001 5] According to the second aspect of the present 
invention, there is provided a device manufacturing 
method including the steps of: applying a photosensitive 
material on a substrate; drawing a pattern on the sub- 
strate coated with the photosensitive material with the 
above charged particle beam exposure apparatus, de- 
veloping the photosensitive material on the substrate 
drawn with the pattern, and manufacturing a device from 
the exposed and developed substrate. 
[001 6] According to the third aspect of the present in- 
vention, there is provided a charged particle beam ap- 
plied apparatus comprising: a charged particle source 
for emitting a charged particle beam, an electron optical 
element for forming a plurality of intermediate images of 
the charged particle source substantially within or in the 
vicinity of a plane, a blanker array obtained by arranging 
a plurality of blankers that individually control whether 
to shield the plurality charged particle beams respec- 
tively forming the plurality of intermediate images, and 
a reduction electron optical system for reducing and pro- 
jecting the intermediate images formed by the electron 
optical element onto a substrate, wherein the blanker 
array is arranged on the plane. 



[0017] According to the fourth aspect of the present 
invention, there is provided a charged particle beam ex- 
posure apparatus for drawing a pattern on a substrate 
by using a plurality of charged particle beams, compris- 
ing: an electron optical element for focusing each of the 
plurality of charged particle beams within or in the vicin- 
ity of a plane; a blanker array obtained by arranging a 
plurality of blankers that individually control whether to 
shield the plurality of charged particle beams; and an 
electron optical system for projecting the plurality of 
charged particle beams from the blanker array onto a 
substrate, wherein the blanker array is arranged on the 
plane. 

[001 8] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 
[0019] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. In the drawings: 

Fig. 1 is a view showing the schematic arrangement 
of an electron beam exposure apparatus according 
to a preferred embodiment of the present invention; 
Fig. 2 is a view for explaining the detailed arrange- 
ment of a multi-beam electron optical system 3 
shown in Fig. 1; 

Fig. 3 is a view for explaining one deflector of a de- 
flector array DA; 

Fig. 4 is a view for explaining a first electron optical 
system ALA1 ; 

Fig. 5 is a block diagram for explaining the system 
arrangement of the electron beam exposure appa- 
ratus shown in Fig. 1 ; 

Fig. 6 includes views for explaining an exposure re- 
gion and exposure method; 
Fig. 7 is a flow chart for explaining the manufactur- 
ing flow of a microdevice; 
Fig. 8 is a flow chart for explaining a wafer process; 
and 

Fig. 9 is a view for explaining a blanker array in a 
conventional multi-charged-particle-beam expo- 
sure apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] An electron beam exposure apparatus will be 
shown as an example of an exposure apparatus that uti- 
lizes a charged particle beam. Note that the present in- 
vention is not limited to an exposure apparatus that uses 
an electron beam but can be similarly applied to, e.g., 
an exposure apparatus that uses an ion beam. 
[0021] Fig. 1 is a view showing the schematic ar- 
rangement of an electron beam exposure apparatus-ac- 



75 



20 



25 



30 



35 



40 



45 



50 



5 



EP1 253 619 A2 



6 



cording to a preferred embodiment of the present inven- 
tion. 

[0022] This electron beam exposure apparatus 
adopts an electron gun 1 as a charged particle beam 
source. The electron gun 1 is constituted by a cathode 
1a, grid 1b, and anode 1c. Electrons emitted from the 
cathode 1a form a cross-over image between the grid 
1band anode 1c. In the following description, this cross- 
over image is called an electron source ES. 
[0023] An electron beam emitted from the electron 
source ES is formed by a condenser lens optical system 
2 into a substantially parallel electron beam, which then 
irradiates a multi-beam forming optical system 3. Typi- 
cally, the condenser lens 2 is comprised of an electron 
lens (unipotential lens) made up of three aperture elec- 
trodes. 

[0024] The multi-beam forming optical system 3 is 
comprised of an aperture array AA, deflector array DA, 
lens array LA, blanker array BA, and correction lens ar- 
ray CLA sequentially arranged from the electron gun 1 
side along an optical axis AX. The detailed arrangement 
of the multi-beam forming optical system 3 will be de- 
scribed later. 

[0025] The multi-beam forming optical system 3 forms 
a plurality of intermediate images of the electron source 
ES. The respective intermediate images are reduced 
and projected by a reduction electron optical system 4 
-(to be described later) onto a wafer (sample) 5. Hence, 
the images of the electron source ES are formed on the 
wafer 5. 

[0026] The reduction electron optical system 4 is com- 
prised of symmetric magnetic tablets constituted by a 
first projection lens 41 (43) and second projection lens 
42 (44). The distance between the two lenses 41 and 
42 is f 1 + f2 where f 1 is the focal length of the first pro- 
jection lens 41 (43) and f2 is the focal length of the sec- 
ond projection lens 42 (44). The object point on the op- 
tical axis AX is located at the focal position of the first 
projection lens 41 (43), and the image point thereof is 
located at the focal position of the second projection lens 
42 (44). The image is reduced to -f2/f 1 . When the two 
lens magnetic fields are determined to act in opposite 
directions, theoretically, Seidel aberrations excluding 
five aberrations, i.e., spherical aberration, isotropic 
astigmatism, isotropic comatic aberration, curvature of 
field, and on-axis chromatic aberration, and chromatic 
aberrations concerning rotation and magnification are 
canceled. 

[0027] A deflector 6 deflects the plurality of electron 
beams from the multi-beam forming optical system 3 to 
displace the plurality of images of the electron source 
ES in the X and Y directions on the wafer 5 by substan- 
tially the same displacement amounts. Although not 
shown, the deflector 6 is comprised of a main deflector 
used when the deflection width is large, and a subde- 
f lector used when the deflection width is small. The main 
deflector is typically an electromagnetic deflector, and 
the subdeflector is typically an electrostatic deflector. 



[0028] A dynamic focus coil 7 corrects an error in focal 
position of the image of the electron source ES which is 
caused by deflection aberration occurs when the deflec- 
tor 6 is operated. A dynamic stigmatic coil 8 corrects 
5 astigmatism of the deflection aberration caused by de- 
flection. 

[0029] A 6-Z stage 9 places the wafer 5 on it and 
moves in the direction of the optical axis AX (Z-axis) and 
a rotational direction about the Z-axis. A stage reference 
10 plate 1 0 is fixed to the G-Z stage 9. 

[0030] An X-Y stage 11 moves the 6-Z stage 9 in X 
and Y directions perpendicular to the optical axis AX (Z- 
axis). 

[0031 ] A reflected electron detector 1 2 detects ref lect- 
in ed electrons produced when a mark on the stage refer- 
ence plate 10 is irradiated with the electron beam. 
[0032] The multi-beam forming optical system 3 
mounted on the electron beam exposure apparatus 
shown in Fig. 1 will be described with reference to Fig. 2. 
20 [0033] As shown in Fig. 2, the multi-beam forming op- 
tical system 3 is typically comprised of the aperture array 
AA, deflector array DA, lens array LA, blanker array BA, 
and correction lens array CLA. 
[0034] The aperture array AA is formed of a substrate 
25 with a plurality of apertures. One electron beam which 
is made by the condenser lens 2 to be almost parallel is 
divided into a plurality of electron beams when it passes 
through the plurality of apertures. 
[0035] The deflector array DA is obtained by forming 
30 a plurality of deflectors, that individually deflect the plu- 
rality of electron beams divided by the aperture array 
AA, on one substrate. This substrate has a plurality of 
apertures. This substrate also has four pairs of elec- 
trodes arranged to sandwich the corresponding aper- 
35 tures. Namely, the apertures have eight deflection elec- 
trodes with deflecting functions. This substrate also has 
wiring lines for individually operating the deflection elec- 
trodes. 

[0036] The lens array LA is basically comprised of 

40 three substrates each having a plurality of aperture elec- 
trodes. One upper aperture electrode, one intermediate 
aperture electrode, and one lower aperture electrode 
form one electron lens (a so-called unipotential lens). In 
other words, the lens array LA has a plurality of electron 

45 lenses arrayed two-dimensionally. The same potential 
is applied to the upper, intermediate, and lower aperture 
electrodes so the plurality of electron lenses have the 
same optical characteristics (e.g., focal length). 
[0037] The blanker array BA is obtained by forming a 

50 plurality of deflectors that individually deflect the plural- 
ity of electron beams on one substrate. Fig. 3 shows one 
of these deflectors in detail. A substrate 31 has aper- 
tures AP and pairs of deflection electrodes 32 each 
sandwiching the corresponding aperture AP. The sub- 

55 strate 31 also has wiring lines (W) for individually con- 
trolling the plurality of deflection electrodes 32, thereby 
individually controlling deflection of the plurality of elec- 
tron beams. 
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[0038] The correction lens array CLA is comprised of 
first and second electron lens arrays ALA1 and ALA2, 
each of which is an electron lens array formed by ar- 
ranging a plurality of electron lenses two-dimensionally 
within one plane, and the stopper array SA, 
[0039] Fig. 4 is a view for explaining the first electron 
optical system array ALA1 . The first electron lens array 
ALA1 has three electrodes, i.e., upper, intermediate, 
and lower electrode plates UE, CE, and LE, each having 
a plurality of annular electrodes arranged in rows to cor- 
respond to the plurality of apertures. The three electrode 
plates are overlaid on each other through insulators. 
The annular electrodes with the same X and Y coordi- 
nates on the upper, intermediate, and lower electrode 
plates serve as one electron lens (a so-called unipoten- 
tial lens) UL. All the annular electrodes of the upper and 
lower electrode plates of the respective electron lenses 
UL are connected to a CLA control circuit 111 through 
common wring lines (W), and are set at the same po- 
tential. In this example, the potentials of the upper and 
lower annular electrodes serve as electron beam accel- 
erating potentials. 

[0040] The annular electrodes of the intermediate 
electrode plates of the respective electron lenses are 
connected to the CLA control circuit 111 through the in- 
dividual wiring lines (W), and are set to desired poten- 
tials. Thus, the electron optical power (focal length) of 
each electron lens UL can be set to a desired value. The 
second electron lens array ALA2 has the same structure 
and function as those of the first electron lens array 
ALA1. 

[0041] The stopper array SA has the same structure 
as that of the aperture array AA. 
[0042] The function of the multi-beam forming optical 
system 3 will be described with reference to Fig. 2. The 
substantially parallel electron beam passing through the 
condenser lens 2 is divided into a plurality of electron 
beams by the aperture array AA. The plurality of divided 
electron beams form a plurality of intermediate images 
of the electron source ES on the blanker array BA 
through the plurality of corresponding electron lenses of 
the lens array LA. The intermediate images depend not 
on the sizes of the apertures of the aperture array AA 
or of the apertures of the deflector array DA, but on the 
size of the electron source (cross-over image) ES. As 
the size of the electron source ES can be reduced com- 
paratively easily, the size of the image of the electron 
source ES to be formed on the wafer 5 can be reduced 
to, e.g., 25 nm or less. Therefore, a micropattern with a 
line width of, e.g., 100 nm or less, can be drawn. The 
plurality of electron lenses of the lens array LA form the 
plurality of intermediate images (real images) of the 
electron source ES on substantially one plane (i.e. , with- 
in or in the vicinity of the plane). The blanker array BA 
is arranged such that its deflection points are located on 
this plane. 

[0043] The plurality of electron beams passing 
through the plurality of apertures of the blanker array BA 



become incident on the reduction electron optical sys- 
tem 4 through the plurality of electron lenses of the cor- 
rection lens array CLA corresponding to them. The re- 
spective electron lenses UL arranged in the correction 

5 lens array CLA form the virtual images of the plurality of 
intermediate images of the electron source ES formed 
within the plane of the blanker array BA. More specifi- 
cally, the intermediate images of the electron source ES 
are formed at positions other than the front focal posi- 

10 tions of the respective electron lenses UL each com- 
prised of two lenses. The focal lengths of the two lenses 
that form each electron lens UL are adjusted such that 
the virtual images of the intermediate images (real im- 
ages) are formed at positions where they cancel the cur- 

15 vature of field that occurs when the electron beams pass 
through the reduction electron optical system 4. 
[0044] The electron beams deflected by the blanker 
array BA are shielded by the stopper array SA formed 
in the correction lens array CLA and thus do not irradiate 

20 the wafer 5. The electron beams not deflected by the 
blanker array BA are not shielded by the stopper array 
SA formed in the correction lens array CLA and thus ir- 
radiate the wafer5. 

[0045] As described above, according to this embod- 

25 iment, the plurality of intermediate images (real images) 
are formed on substantially one plane and the blanker 
array BA is arranged such that its deflection points are 
located on this plane. Therefore, assuming that the stop- 
per array SA does not exist, the electron beams deflect- 

30 ed by the blanker array BA irradiate the positions on the 
wafer which are substantially same to the positions irra- 
diated with the electron beams not deflected by the 
blanker array BA. Such a feature provides an advantage 
that the electron beams do not irradiate the undesirable 

35 portion on the wafer during ON/OFF-control of the elec- 
tion beams by the blanker array BA. 
[0046] The system arrangement of the electron beam 
exposure apparatus according to this embodiment will 
be described with reference to Fig. 5. A DA control circuit 

40 110 individually controls the plurality of deflectors (de- 
flection electrodes) that form the deflector array DA. The 
CLA control circuit 111 individually controls the focal 
lengths of the plurality of electron lenses UL that form 
the correction lens array CLA. The BA control circuit 1 1 2 

^5 individually controls ON/OFF of the plurality of blanking 
electrodes that form the blanker array BA. 
[0047] A D_STIG control circuit 113 controls the dy- 
namic stigmatic coil 8 to control the astigmatism of the 
reduction electron optical system 4. A D_FOCUS con- 

50 trol circuit 1 1 4 controls the dynamic focus coil 7 to con- 
trol the focus of the reduction electron optical system 4. 
A deflection control circuit 115 controls the deflector 6. 
An optical characteristic control circuit 116 adjusts the 
optical characteristics (magnification, distortion) of the 

55 reduction electron optical system 4. A reflected electron 
detection circuit 117 calculates the amount of reflected 
electrons from a signal sent from the reflected electron 
detector 12. 
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[0048] A stage drive control circuit 1 1 8 drive-controls 
the G-Z stage 9 and, in cooperation with a laser interfer- 
ometer LIM that detects the position of the X-Y stage 
11, the X-Y stage 11. 

[0049] A control system 1 20 reads out exposure con- 
trol data from a memory 121 which stores it (e.g., includ- 
ing drawing pattern data), and controls the plurality of 
control.circuits described above on the basis of the ex- 
posure control data. The control system 120 is control- 
led by a CPU 123 which controls the entire electron 
beam exposure apparatus through an interface 122. 
[0050] The exposure operation of the electron beam 
exposure apparatus according to this embodiment will 
be described with reference to Fig. 6. 
[0051 ] On the basis of the exposure control data from 
the memory 121, the control system 120 instructs the 
deflection control circuit 115 to deflect the plurality of 
electron beams with the deflector 6. The control system 
120 also instructs the BA control circuit 112 to turn on/ 
off the plurality of blanking electrodes of the blanker ar- 
ray BA individually in accordance with a pattern (draw- 
ing pattern data) to be drawn on the wafer 5. At this time, 
the X-Y stage 11 continuously moves in the Y direction. 
The plurality of electron beams are deflected by the de- 
flector 6 to follow the movement of the X-Y stage 11 . 
The electron beams scan and expose the correspond- 
ing element exposure regions (EF) on the wafer 5, as 
shown in Fig. 6. The element exposure regions (EF) of 
the respective electron beams are adjacent to each oth- 
er two-dimensionally. Consequently, a subfield (SF) 
constituted by the plurality of element exposure regions 
(EF) which are set to be exposed simultaneously is ex- 
posed simultaneously. 

[0052] After one subfield (SF1 ) is exposed, the control 
system 120 instructs the deflection control circuit 115 to 
deflect the plurality of electron beams by the deflector 6 
in a direction (X direction) perpendicular to the stage 
scanning direction (Y direction), so that the next subfield 
(SF2) is exposed. At this time, since the subfields are 
switched by deflection, the aberration with which the re- 
spective electron beams are reduced and projected 
through the reduction electron optical system 4 also 
changes. Hence, the control system 1 20 instructs the 
BA control circuit 112, D_STIG control circuit 113, and 
D_FOCUS control circuit 1 1 4 to adjust the blanker array 
BA, dynamic stigmatic coil 8, and dynamic focus coil 7 
so as to correct the changed aberration. Thereafter, as 
described above, the respective electron beams expose 
the corresponding element exposure regions (EF), 
thereby exposing the subfield 2 (SF2). As shown in Fig. 
6, subfields (SF1 to SF6) are sequentially exposed to 
expose a pattern onto the wafer 5. As a result, a main 
field (MF) constituted by the subfields (SF1 to SF6) ar- 
ranged in a direction (X direction) perpendicular to the 
stage scanning direction (Y direction) is exposed on the 
wafer 5. 

[0053] After a main field 1 (MF1) shown in Fig. 6 is 
exposed, the control system 1 20 instructs the deflection 



control circuit 115 to sequentially deflect the plurality of 
electron beams toward main fields (MF2, MF3, MF4,...) 
arranged in the stage scanning direction (Y direction), 
thus exposing them. As a result, as shown in Fig. 6, a 
5 stripe (STRIPE1) constituted by the main fields (MF2, 
MF3, MF4,...) is exposed. Then, the X-Y stage 11 is 
stepped in the X direction to expose the next stripe 
(STRIPE2). 

[0054] A device manufacturing method using the ex- 

10 posure apparatus according to the present invention, 
represented by the electron beam exposure apparatus 
described above, will be described. 
[0055] Fig. 7 shows the flow of manufacture of a 
microdevice (a semiconductor chip such as an IC or LSI , 

15 a liquid crystal panel, a CCD, a thin film magnetic head, 
a micromachine, or the like). In step 1 (design circuit), 
a semiconductor device circuit is designed. In step 2 
(form exposure control data), the exposure control data 
of the exposure apparatus is formed on the basis of the 

20 designed circuit pattern. In step 3 (manufacture wafer), 
a wafer is manufactured by using a material such as sil- 
icon. In step 4 (wafer process) called a pre-process, an 
actual circuit is formed on the wafer by lithography using 
the exposure apparatus, to which the prepared expo- 

25 sure control data has been input, and the wafer. In step 
5 (assembly) called a post-process, a semiconductor 
chip is formed by using the wafer fabricated in step 4, 
and includes processes such as an assembly process 
(dicing and bonding) and packaging process (chip en- 

30 capsulation). In step 6 (inspection), inspections such as 
the operation confirmation test and durability test of the 
semiconductor device manufactured in step 5 are con- 
ducted. After these steps, the semiconductor device is 
completed, and shipped (step 7). 

35 [0056] Fig. 8 shows the detailed flow of the wafer 
process. In step 11 (oxidation), the surface of the wafer 
is oxidized. In step 1 2 (CVD), an insulating film is formed 
on the wafer surface. In step 13 (form electrode), an 
electrode is formed on the wafer by vapor deposition. In 

40 step 1 4 (implant ion), ions are implanted in the wafer. In 
step 1 5 (resist processing), a photosensitive agent is ap- 
plied to the wafer. In step 1 6 (exposu re), the above-men- 
tioned exposure apparatus exposes the circuit pattern 
to the wafer. In step 1 7 (developing), the exposed wafer 

45 js developed. In step 18 (etching), the resist is etched 
except for the developed resist image. In step 19 (re- 
move resist), an unnecessary resist after etching is re- 
moved. These steps are repeated to form multiple circuit 
patterns on the wafer. 

so [0057] With the manufacturing method according to 
this embodiment, a highly integrated semiconductor de- 
vice which is conventionally difficult to manufacture can 
be manufactured at a low cost. 
[0058] Another application field of the present inven- 

55 tion includes a charged particle beam applied appara- 
tus, e.g., a length measurement apparatus for measur- 
ing the size of a pattern formed on a semiconductorsub- 
strate by using a plurality of charged particle beams gen- 
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erated by the arrangement as shown in Fig. 2, a micro- 
scope apparatus for observing the pattern state, or an 
inspection apparatus for inspecting a pattern defect. 
[0059] According to one aspect of the present inven- 
tion, a charged particle beam drawing apparatus that 
can draw a micropattern without increasing the perform- 
ance of, e.g., a reduction electron optical system, can 
be provided. If a device is manufactured by using this 
apparatus, a device with higher precision than that with 
the prior art can be manufactured. 
[0060] According to another aspect of the present in- 
vention, length measurement, observation, and inspec- 
tion can be performed within a short period of time with 
the plurality of generated charged particle beams. 
[0061] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the claims. 



Claims 

1. A charged particle beam exposure apparatus for 
drawing a pattern on a substrate by using a plurality 
of charged particle beams, comprising: 

a charged particle source for emitting a charged 
particle beam; 

an electron optical element for forming a plural- 
ity of intermediate images of said charged par- 
ticle source within or in the vicinity of a plane; 
a blanker array obtained by arranging a plurality 
of blankers that individually control whether to 
shield the plurality charged particle beams re- 
spectively forming the plurality of intermediate 
images; and 

a reduction electron optical system for reducing 
and projecting the intermediate images formed 
by said electron optical element onto a sub- 
strate, 

wherein said blanker array is arranged on the 
plane. 

2. The apparatus according to claim 1 , wherein the ap- 
paratus further comprises a correction lens array ar- 
ranged between said blanker array and said reduc- 
tion electron optical system, said correction lens ar- 
ray having a plurality of electron lenses arranged 
for respectively forming virtual images of the plural- 
ity of intermediate images formed by said electron 
optical element at positions in accordance with an 
aberration of said reduction electron optical system. 

3. The apparatus according to claim 1 , wherein 

the blankers arranged in said blanker array de- 



flect a charged particle beam that should be 
shielded and do not deflect a charged particle 
beam that should not be shielded, and 
said correction lens array has a stopper array 
5 for shielding and passing therethrough, among 

a plurality of charged particle beams passing 
through the plurality of blankers arranged in 
said blanker array, deflected and undeflected 
charged particle beams, respectively. 

10 

4. The apparatus according to claim 1 , wherein 

the blankers arranged in said blanker array de- 
flect a charged particle beam that should be 

15 shielded and do not deflect a charged particle 

beam that should not be shielded, and 
said charged particle beam exposure appara- 
tus further comprises a stopper array for shield- 
ing and passing therethrough, among a plural- 

20 jty of charged particle beams passing through 

the plurality of blankers arranged in said blank- 
er array, deflected and undeflected charged 
particle beams, respectively. 

25 5. The apparatus according to claim 1 , wherein said 
electron optical element has 

an aperture array obtained by arranging a plu- 
rality of apertures for passing the charged par- 

30 tide beam emitted by said charged particle 

source therethrough, and 
a lens array obtained by arranging a plurality of 
electron lenses for forming the plurality of inter- 
mediate images within or in the vicinity of the 

35 plane with the plurality of charged particle 

beams respectively passing through the plural- 
ity of apertures. 

6. A device manufacturing method including the steps 
40 of: 

applying a photosensitive material on a sub- 
strate; 

drawing a pattern on the substrate coated with 
45 the photosensitive material with a charged par- 

ticle beam exposure apparatus; 
developing the photosensitive material on the 
substrate drawn with the pattern; and 
manufacturing a device from the exposed and 
so developed substrate; 

the charged particle beam exposure apparatus 
comprising 

a charged particle source for emitting a charged 
particle beam, 

55 an electron optical element forforming a plural- 

ity of intermediate images of the charged parti- 
cle source within or in the vicinity of a plane, 
a blanker array obtained by arranging a plurality 
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of blankers that individually control whether to 
shield the plurality charged particle beams re- 
spectively forming the plurality of intermediate 
images, and 

a reduction electron optical system for reducing 5 
and projecting the intermediate images formed 
by the electron optical element onto a sub- 
strate, 

the blanker array being arranged on the plane. 

10 

A charged particle beam exposure apparatus com- 
prising: 

a charged particle source for emitting a charged 
particle beam, « 
an electron optical element for forming a plural- 
ity of intermediate images of said charged par- 
ticle source within or in the vicinity of a plane, 
a blanker array obtained by arranging a plurality 
of blankers that individually control whether to 20 
shield the plurality of charged particle beams 
respectively forming the plurality of intermedi- 
ate images, and 

a reduction electron optical system for reducing 
and projecting the intermediate images formed 25 
by said electron optical element onto a sub- 
strate, 

wherein said blanker array is arranged on the 
plane. so 

A charged particle beam exposure apparatus for 
drawing a pattern on a substrate by using a plurality 
of charged particle beams, comprising: 

35 

an electron optical element for focusing each 

of the plurality of charged particle beams within 

or in the vicinity of a plane; 

a blanker array obtained by arranging a plurality 

of blankers that individually control whether to *o 

shield the plurality of charged particle beams; 

and 

an electron optical system for projecting the 
plurality of charged particle beams from said 
blanker array onto a substrate, wherein said *s 
blanker array is arranged on the plane. 



50 
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FIG. 1 



AX(z) 




11 



EP 1 253 619 A2 



FIG. 2 
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FIG. 3 
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FIG. 7 



DESIGN CIRCUIT 



— STEP1 



MANUFACTURE 
WAFER 



FORM EXPOSURE 
CONTROL DATA 



STEP2 



WAFER PROCESS 
(PRE-PROCESS) 



—STEP4 



ASSEMBLY 
(POST-PROCESS) 



STEP5 



INSPECTION —STEP6 



SHIPPING 



— STEP7 



STEP3 



EP1 253 619 A2 



FIG. 8 



STEP11 



OXIDATION 



STEP12 
J 



CVD 



STEP13 
J 



FORM 
ELECTRODE 



STEP14 
J 



IMPLANT ION 



STEP15 
7 

RESIST PROCESSING 



STEP16 

I 



EXPOSURE 



STEP17 

i 



DEVELOPING 



STEP18 



ETCHING 



STEP19 

I 



REMOVE RESIST 



REPEAT 



WAFER PROCESS 



EP 1 253 619 A2 



FIG. 9 

EL 



QIPPPPPPP 
PPPPPPPP 
PPPPPPPP 
PPPPPPPP 
PPPPPPPP 
PPPPPPPP 
PPPPPPPP 
PPPPPPPP 



